This article aims to report a unique case with aberrant root canal anatomy exhibiting "Y-" and "J"-shaped canal pattern in a mandibular second molar. Anatomic complexities may pose challenges for endodontic treatment. Before performing endodontic treatment, the clinician should be aware of the internal anatomy of the tooth being treated and should recognize anatomic aberrations if present. Presence of unusual anatomy may call for modifications in treatment planning. This report describes in detail about a mandibular second molar tooth associated with two paramolar tubercles having a peculiar "Y-" and "J-"shaped canal anatomy detected with the aid of cone beam computed tomography, which has never been reported in the dental literature. The proposed treatment protocol for the endodontic management of the same has also been discussed.
INTRODUCTION
Root canal anatomy is highly complex and variable. A good understanding of the basic root canal anatomy and its variations is essential to achieve success during endodontic treatment. [1] Mandibular second molars are usually similar to the first molar in terms of root canal anatomy, but variations such as two canals, single canal, C-shaped canals, [2] [3] [4] [5] and presence of middle mesial canal [6, 7] have often been reported in these teeth. Molar teeth with extra cusp or tubercles have been reported to have highly complex root canal anatomy. [8] [9] [10] "Paramolar tubercle" which was first described in the literature by Prof. Bolk as any stylar or anomalous cusp, supernumerary inclusion, or eminence occurring on the buccal surfaces of both upper and lower premolars and molars. [11] It is challenging to endodontically treat a tooth with paramolar tubercles as they can possibly contain pulp tissue and their root canals may either be independent or communicating with the canals of the associated tooth at different levels of the root. [12] [13] [14] Besides, the groove that delineates the tubercles from the associated tooth may extend to various depths along the root surfaces causing periodontal defects with respect to that region. [10] In addition, they may also pose a challenge for endodontic therapy during rubber dam isolation and postendodontic restoration.
This case report describes the anatomical and morphological characteristics of a highly complex "Y-" and "J-"shaped root canal anatomy in a mandibular second molar tooth associated with two paramolar tubercles, diagnosed with the aid of cone-beam computed tomography (CBCT). 
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CASE REPORT
A 25-year-old male patient reported with a chief complaint of mild pain on his right lower back tooth region for the past 6 months. In the past 1 week, the intensity of pain increased and became continuous and spontaneous in nature. The patients familial and medical histories were noncontributory. Extraoral examination revealed no abnormalities. Intraorally, the patient had generalized gingivitis and a deep occlusal carious lesion in relation to the mandibular second molar (tooth #31). The tooth was tender to percussion. Mobility was within physiological limits, and periodontal probing around the tooth revealed a pocket depth of 4 mm on the distal aspect. Pulp testing with cold test and electric pulp tester gave a negative response in relation to tooth #31.
In addition, the crown morphology was found to be abnormal [ Figure 1a ]. The tooth was wider buccolingually and revealed two well-developed lobulated tubercles on the buccal surface. The tubercles appeared bulbous, conically projecting from the cervical line toward the occlusal surface. The combined mesiodistal extension of both the tubercles was almost equal to the mesiodistal width of the associated tooth. A distinct developmental occluso-gingival groove clearly delineated the tubercles from the associated tooth. The mesial tubercle was larger than the distal tubercle. Intraoral periapical radiograph revealed a periapical radiolucency of about 4 mm with localized bone loss along the distal aspect of the tooth [ Figure 1b ]. Based on the clinical and radiographic findings, the tooth was diagnosed having pulpal necrosis with symptomatic apical periodontitis associated with paramour tubercles.
Since the root canal anatomy of the involved tooth was complex, a limited field of view CBCT was obtained following the ALARA principle to ascertain the root canal systems in a three-dimensional (3D) manner. The axial images revealed peculiar root canal anatomy outlines, which was highly complex and varied across the length of the tooth. At the beginning of the floor of the pulp chamber, five separate canal orifices were seen; three round orifices of the mesiobuccal, mesiolingual, and distolingual canals, one oval-shaped orifice of the mesial paramolar tubercle canal, and a teardrop-shaped orifice formed by the fusion of the distal paramolar tubercle and the distobuccal canals [ Figure 1c -i].
At the cementoenamel junction (CEJ), a "Y-"shaped root canal anatomy was observed [ Figure 1c -ii]. However, about 1.2 mm below the CEJ, a very unique "J-"shaped canal anatomy was seen which extended till 2.8 mm apically. The curved portion of the J-shaped canal was formed by the communication between the mesiobuccal, mesiolingual, and distolingual canals, and the straight arm of the "J" was formed by the fusion of the mesial tubercle, distal tubercle, and the distobuccal canals [ Figure 1c -iii]. Beyond this, the canal anatomy changed into three separate canals (mesiobuccal, mesiolingual, and a ribbon-shaped outline formed by the fusion between the mesial tubercle canal, distal tubercle canal, and the distobuccal canal) [ Figure 1c -iv]. The canal anatomy further changed into four canals, 6.5 mm from the CEJ [ Figure 1c-v] . Finally, at the apex, three portals of exits were seen; two from the main tooth and one from the tubercle [ Figure 1c -vi]. Diagrammatic representation of the canal pattern is shown in Figure 1d -i-d-vi. Nonsurgical endodontic treatment was suggested to the patient for which he refused consent. Hence, the tooth was not treated.
DISCUSSION
The internal anatomy of the root canal system often exhibits a wide range of variations, which could be challenging to diagnose and treat endodontically. This case report describes a complex root canal anatomy of a mandibular second molar fused with two paramolar tubercles having a Y-shaped and J-shaped root canal pattern, which has never been reported earlier. The etiology of paramolar tubercles is relatively unknown. Nevertheless, according to Turner and Harris, the over activity of the dental lamina during the morphogenesis of a tooth could lead to such an aberrant anatomy. Moreover, recently, it has been established that the PAX and MSX genes could also be the reason for the abnormal shape of the teeth. [15] Hanihara et al. [16] classified the clinical presentation of lower primary molars fused with paramolar tubercles (protostylid) into six types. However, our case report presented with two paramolar tubercles, which does not fall into any of the six types mentioned in this classification.
To the best of our knowledge, the prevalence rate of protostylids has not been reported in the dental literature; however, the prevalence rate of parastyles has been reported to be 0-0.1% in upper first molars, compared with 0.4-2.8% in upper second molars or 0-4.7% in upper third molars. [17, 18] A double cusp development takes place very rarely. Most of the cases in the dental literature report a single paramolar tubercle being associated with the tooth, [8, 10, 19] excluding one case reported by Nayak et al. [9] which exhibited a maxillary right second molar associated with two paramolar tubercles. On the other hand, this article reports a case of a mandibular second molar associated with two paramolar tubercles displaying a complex root canal anatomy that was varying at different levels of the root diagnosed with the aid of limited volume CBCT.
Since conventional radiographs provided limited information regarding the internal root canal anatomy and true pulpal communication between the paramolar tubercle and the associated tooth, a limited field of view CBCT was planned to delineate the structure of the paramolar tubercle and visualize this complex internal anatomy 3D.
Interestingly, in our case, the root canal of the tubercles was communicating with the main tooth at different levels across the length of the tooth, displaying a Y-shaped canal anatomy at the CEJ, further showing a unique J-shaped canal anatomy 1.2 mm from the CEJ, which has never been reported in the dental literature. In addition, the apical part of the root was further complicated with three root canals. In contrast, Nayak et al. [9] reported that in his case report, the tubercles had their own pulp chamber exhibiting a round to oval-shaped canal that remained independent from the main root canals in spite of the roots being fused. In a case series by Ohishi et al., [10] the roots of the paramolar tubercle were fused to that of the distobuccal root of the main tooth. Likewise, the tubercle canal communicated with only the distobuccal canal at various levels.
Endodontic treatment of such a complex anatomy would definitely be challenging, especially when there is a communication between the tubercle and the main tooth canals. Such cases can be managed efficiently with the aid of limited volume CBCT and magnification using the surgical operating microscope. Since CBCT revealed the paramolar tubercles to have their own pulp space, access needs to be prepared separately for the main tooth and the tubercle canals. Two percent taper hand nickel-titanium files used with circumferential filling technique along with passive ultrasonic irrigation will be helpful for canal debridement. [20] Newer irrigation devices such as photo-induced photoacoustic streaming (PIPS) [21, 22] or the GentleWave system [23, 24] can be used in these cases with highly complex root canal anatomy. The GentleWave system creates multisonic waves inside the root canal using a degassed fluid to achieve disinfection, whereas the PIPS uses laser energy at subablative power settings to create photoacoustic shock waves. Nonetheless, these strategies are relatively new and expensive. Alternatively, the modified EndoVac irrigation technique suggested by Thomas et al. [25] could perhaps aid in effective debridement. In this technique, the irrigant will be delivered using a conventional needle in one of the root canals while simultaneously using the macro/microcannula in the adjacent root canal, which will enable the irrigant to be pulled across the isthmus and the communications. This novel technique was clinically implemented by Jain et al. [8] in his case report for the management of a maxillary second molar fused with a paramolar tubercle, which provided superior canal and isthmus debridement. The thermoplasticized gutta-percha obturation technique may be more suitable in such cases with complex root canal communications. [26] Since the patient did not report back for further visits, the treatment was not completed. Anomalous cases with such aberrant anatomy are rare but can be encountered. Being aware of the presence of such aberrations can help clinicians to detect and manage them effectively when present.
CONCLUSION
This case report describes a complex root canal anatomy seen in a mandibular second molar fused with two paramolar tubercles, diagnosed with the help of CBCT. The root canal anatomy was varying at different levels of the root, and it exhibited a unique "Y-" and "J-"shaped root canal anatomy in the coronal third of the root which has never been reported in literature.
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